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An injector with reduced break loose force 

Field of the invention 

The present invention relates to injector having a reduced break loose force 

(BLF). The injector comprises a cylinder extending along a longitudinal axis, the 

cylinder having an inner wall, an outer wall, and an outlet at an outlet end opposite 5 

an actuating end, and a piston assembly. The injector of the invention provides a 

reduced BLF, and is especially suited for pre-filled injectors allowing long term 

storage of pharmaceutical compositions. 

 

Prior art 10 

An injector for delivery of a pharmaceutical composition typically comprises 

a piston in a cylinder so that the piston can be pushed from one end of the cylinder 

to the other thereby ejecting liquid contained in the cylinder. A piston in a cylinder 

will abut the inner wall of the cylinder and at the interface between the piston and 

the inner wall there will be a static friction and a dynamic friction. Movement of the 15 

piston in the cylinder will require application of a force sufficient to overcome 

initially the static friction and subsequently the dynamic friction; the static friction 

will be larger than the dynamic friction and thereby the force to provide an initial 

movement of the piston is larger than the force required to provide a sustained 

movement of the piston. Once the piston has stopped moving the force to provide 20 

an initial movement must be overcome again. Traditionally, the inner wall of the 

cylinder is lubricated in order to keep the dynamic friction sufficiently low to ensure 

sufficient glide for the piston and allow for easy movement of the piston in the 

cylinder and thereby easy delivery of a pharmaceutical composition during 

injection. The static friction is often, in the context of pharmaceutical injectors, 25 

referred to as the “break loose force” (BLF), and the dynamic friction is commonly 

referred to as the “glide force”. In order to provide injectors that are pleasant and 

easy to use there is an interest in providing injectors having low BLF values. 

BLF depends on several factors but is especially sensitive to increased 

duration of the interaction between the piston’s sealing elements and the inner wall 30 

of the syringe. Unlike traditional syringes which are filled and emptied within a few 

minutes prefilled syringes are shelved over longer periods of time which causes a 

tendency for the sealing elements to attach themselves to the inner wall of the 

syringe, which is also known as the “stick effect” and which increases over time 
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and is further increased by ambient adverse conditions such as increased 

temperature, humidity, etc. 

BLF is especially critical concerning prefilled syringes since these are shelved 

in periods of up to three years. Normally the problem concerning high BLF is solved 

by lubricating the piston and/or the inner wall of the syringe, but tests have shown 5 

that silicone lubrication may often have an adverse effect causing proteins in liquid 

injectable pharmaceutical compositions to aggregate leaving them inefficient or 

even harmful to the patient receiving the injection. Moreover, in connection with 

ophthalmic injections the silicone lubricant has a tendency to remain in the eye, 

which alone is undesirable. BLF is even more critical concerning glass syringes, 10 

especially prefilled syringes, since the barrels of these unlike precision moulded 

plastic barrels are manufactured with substantially higher tolerances leading to 

pistons which either fit too tightly or the opposite, dictating the use of lubrication. 

For the inner diameter of a glass syringe the container inner diameter may vary up 

to plus or minus 1/10 millimetre resulting in a total discrepancy of up to 0.2 mm 15 

from one container to another which has a significant influence on the friction 

between piston and the container inner wall and hence the BLF, and since the 

sealing is absolutely imperative in order to comply with the standards of container 

closure integrity (CCI) existing pistons for glass barrels must have an outer 

diameter which is significantly larger than the corresponding diameter when the 20 

barrel diameter is on the low side. 

Several suggestions exist in the prior art to address various problems 

relating to the general user comfort of syringes or to achieve other more specific 

aims. 

US 2003/105433 discloses a disposable syringe with a pneumatic chamber 25 

formed between a master plunger and a slave plunger. In use, pressure is applied 

to the master plunger to slide it towards the slave plunger, and since the gas in 

the pneumatic chamber is more compressible than the liquid in the liquid chamber, 

the slave plunger will move when there is enough pressure to cause the slave 

plunger to begin to slide and push the liquid out of the needle. Compressing the 30 

air in the pneumatic chamber provides an “air cushion”, which allows for a more 

controlled injection of the liquid, since slight variations in the pressure asserted by 

the user of the syringe will be absorbed by the compressing/decompressing forces 

acting in concert with the air cushion. 

EP 2218473 addresses the same problem as US 2003/105433 with respect 35 

to dampening pressure variations in dental injections and being able to aspirate 

liquid in the syringe during an injection is considered important. The syringe of EP 
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2218473 also employs an air cushion between to plunger parts, and it may 

comprise a pressure indicator in the gas volume. 

DE 4428467 discloses a syringe with an injection piston where a dampening 

effect is relevant for spinal anaesthesia and intravenous injections. The syringe has 

an injection piston, a compression piston and a compressible medium between the 5 

two piston elements. The syringe may further comprise a spring but no effect is 

ascribed to the spring. 

US 2006/247582 discloses a “flush syringe” for use in flush procedures for 

vascular access devices. The flush syringe is designed to ensure that reflux does 

not occur following a flush procedure, and it has a stopper with a distal and a 10 

proximal stopper portion separated by a spring means for moving the distal stopper 

portion in a distal direction to drive more liquid out of the chamber of the syringe 

after engaging the stopper. Evidently the flush syringe is not concerned with 

lowering the BLF. 

Several manufacturers within the industry have sought to eliminate the 15 

addition of silicone lubricants and instead other solutions have been introduced 

with various baked-on surfaces or the like, which are supposed to reduce the force 

needed to initiate movement of the piston. Numerous suggestions exist in the prior 

art to address the problem of lowering the BLF and these typically involve 

modifications of the lubricant, for example, how the lubricant is applied or the type 20 

of lubricant, e.g. with respect to viscosity. As an alternative WO 2014/194918 

suggests how the BLF may be controlled using special designs of the piston. 

It is expected that further improvements are possible and it is an aim of the 

present invention to provide an injector having a reduced BLF. The invention is 

mainly dedicated to prefilled syringes although it aims to be of utility for other 25 

medical applications and purposes. 

 

Disclosure of the invention 

The present invention relates to an injector, which injector does not 

comprise a silicone lubricant and is suitable for delivery of a pharmaceutical 30 

composition. The injector comprises 

-a cylinder extending along a longitudinal axis, the cylinder having an inner 

wall, an outer wall, and an outlet at an outlet end opposite an actuating end, 

-a piston assembly comprising a compressible section between an actuating 

piston element having a Shore A hardness in the range of 50 to 90 and a passive 35 

piston element having a Shore A hardness in the range of 50 to 90, which piston 
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elements abut the inner wall of the cylinder at abutting interfaces thereby sealing 

the compressible section when the piston assembly is inserted in the cylinder, the 

compressible section comprising a compressible fluid and a resilient frame, the 

resilient frame physically coupling the actuating piston element to the passive 

piston element, which resilient frame is made from an elastic polymer and has a 5 

volumetric fraction in the range of 15% to 50% of the volume of the compressible 

section and which resilient frame has an axial length in the range of 25% to 90% 

of the total axial length of the piston assembly in a relaxed state, and in that the 

compressible fluid is entrapped between the actuating piston element and the 

passive piston element. 10 

The compressible section comprises a compressible fluid and a resilient 

frame linking the actuating piston element to the passive piston element. In the 

context of the invention the term “linking” means that the actuating piston element 

and the passive piston element are physically coupled to each other so that 

actuating one of the elements will also actuate the other element. For example, if 15 

the actuating piston element is pushed the resilient frame will push the passive 

piston element, and if the actuating piston element is pulled the resilient frame will 

pull the passive piston element. By including a compressible section between an 

actuating piston element and a passive piston element in a piston assembly the 

break loose force (BLF) of the piston assembly can be lowered compared to a piston 20 

assembly where the actuating piston element and the passive piston element are 

rigidly coupled to each other. Thus for example, a piston assembly having an 

actuating piston element and a passive piston element with an air cushion between 

them will have a reduced BLF. However, the present inventor has now surprisingly 

found that by linking the actuating piston element to the passive piston element 25 

with the resilient frame according to the invention the overall BLF may be aligned 

with and have a value similar to the glide force of the piston assembly. This 

provides an even smoother experience to the end user of the piston, e.g. than can 

be obtained using an air cushion, since the BLF will not even be recognised during 

operation of the syringe by being of similar to the glide force. 30 

The injector comprises a cylinder. In the context of the invention a 

“cylinder” is any kind of tube or the like allowing the piston assembly to be moved 

from one position in the cylinder to another. The cylinder has an “actuating end” 

and “outlet end” opposite each other. The actuating end of the cylinder allows 

access to the piston assembly for moving it, i.e. “actuating” the piston assembly 35 

via the actuating piston element, in the cylinder. The outlet end of the cylinder 

comprises an outlet for a fluid contained in the cylinder. 
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The cylinder has an inner wall and an outer wall. The inner wall is generally 

smooth without any protrusions, indentations or the like. In particular, the piston 

assembly may preferably provide a seal throughout the axial length of the cylinder. 

The outer wall may comprise a finger grip positioned anywhere along the length of 

the cylinder, e.g. at the actuating end of the cylinder. In an embodiment the 5 

cylinder comprises a finger grip positioned between the outlet end and the 

actuating end together with a needle guard for mounting on the outside of the 

cylinder as described in WO 2016/192739, to which reference is herewith made, in 

particular p. 3, lin. 7 to p. 5, lin. 14. The needle guard is described on p. 6, lin. 3 

to 7, lin. 25 of WO 2016/192739 and the corresponding figures. Likewise, the text 10 

of claims 1 to 9 of WO 2016/192739 is also referred to. 

The cylinder may be made from any relevant material, and typical materials 

comprise polymeric materials, such as cyclic olefin copolymer (COC), e.g. TOPAS 

polymers (supplied by TOPAS Advanced Polymers GmbH), cyclic olefin polymer 

(COP), e.g. Zeonor, or polystyrene, or glasses, e.g. borosilicate glasses. COC 15 

polymers are advantageous due to their excellent barrier characteristics and thus 

accommodate the need for long-term storage of pharmaceutical agents. In another 

embodiment the cylinder is made from glass, e.g. borosilicate glass. It is also 

contemplated that the cylinder may be made from a metal or it may comprise any 

combination of polymeric materials, glasses or metals. The cross-sectional shape 20 

of the cylinder is not limited although it is preferred that the cylinder has a round 

cross-section. It is also contemplated that the cross-section may be oval, elliptical, 

polygonal, etc. When the cylinder has a round cross-section the diameter, e.g. the 

inner diameter, may have any value conventionally used with syringes. For 

example, in a preferred embodiment the cylinder has an inner diameter in the 25 

range of 2 mm to 10 mm, such as 4.65 mm, 6.35 mm or 8.80 mm, although it 

may have larger values according to the invention. 

 The piston assembly is especially suitable for lubrication free interaction 

with glass syringe barrels which have inner diameter tolerances too wide to interact 

with traditional pistons and omit lubrication at the same time due to too high BLF 30 

values for the traditional piston. At low diameter values the BLF will be too high 

and at high diameter values the container closure integrity (CCI) will be 

compromised with traditional pistons. In contrast the piston assembly employed in 

the present invention is capable of compensating for the wide tolerances due to its 

displaced movement of the sealing elements which allows for a larger piston 35 

diameter while still keeping the BLF within acceptable values, at the same time 

enabling omittance of traditional lubrication. 
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The injector of the invention has a piston assembly with an actuating piston 

element and a passive piston element; the actuating piston element is the piston 

element closer to the actuating end of the cylinder and the passive piston element 

is the piston element closer to the outlet end of the cylinder. The actuating piston 

element and the passive piston element may be identical, or the actuating piston 5 

element may be different compared to the passive piston element. The actuating 

piston element has an actuating surface facing the actuating end of the cylinder 

and the passive piston element has an outlet surface opposite the actuating surface 

thus facing the outlet end of the cylinder. Each piston element may have an inner 

surface facing the compressible section. 10 

The piston assembly has a total length calculated from the actuating surface 

of the actuating piston element to the outlet surface of the passive piston element, 

i.e. when the piston assembly is in a relaxed state and not subjected to external 

pressure from an end user. The axial length of the compressible section is in the 

range of 25% to 90% of the total axial length of the piston assembly in a relaxed 15 

state. The actuating piston element and the passive piston element generally have 

low compressibility, e.g. piston bodies are not compressible. In a specific 

embodiment the axial length of the compressible section is at least 30% of the 

total axial length of the piston assembly in a relaxed state. Thus, the resilient frame 

may have a length of  30% to 70%, e.g. such as 30%, 40%, 50%, 60% or 70%, 20 

of the total axial length of the piston assembly in a relaxed state. 

The piston elements provide liquid tight seal, and optionally also an air tight 

seal, between the respective piston elements and the inner wall of the cylinder, 

thereby forming the compressible section between the actuating piston element 

and the passive piston element. Thus, when the actuating piston element is pushed 25 

from the actuating end of the cylinder the compressible section will be compressed 

and eventually push the passive piston element towards the outlet end of the 

cylinder thereby ejecting liquid contained in the cylinder. The actuating piston 

element and the passive piston element each have a static friction, which must be 

overcome before the respective piston starts moving in the cylinder. In 30 

contradiction to existing pistons the piston according to the invention reduces the 

BLF to move the piston to significantly lower values by introducing displaced 

movement of the sealing elements equally dividing the total BLF into smaller 

increments by stepwise movement of the sealing elements. When the actuating 

piston has started moving its movement will push the passive piston element, but 35 

the present inventor has now surprisingly found that the static friction of the 

passive piston element only contributes insignificantly to the force needed to move 
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the piston assembly and eject liquid from the cylinder so that a smooth movement 

of the piston assembly is obtained with the static friction of only the actuating 

piston element contributing to the static friction of the piston assembly. The 

resilient frame further contributes to the effect on the BLF so that when a resilient 

frame is present in the piston assembly, e.g. a resilient frame having an axial 5 

length of at least 25% of the total length of the piston assembly, the BLF (measured 

in N) is less than twice as high as the glide force (measured in N), e.g. the BLF and 

the glide force are approximately equal, thus providing an even smoother 

experience to the end user. 

By having a piston assembly with two piston elements a more efficient 10 

sealing of the contents in the cylinder, e.g. a pharmaceutical composition, such as 

a vaccine, is obtained than by using a piston with a single piston element. This is 

particularly relevant for a syringe prefilled with a pharmaceutical composition. If a 

traditional piston, i.e. without the compressible section, were to employ two sealing 

elements corresponding to the piston elements of the piston assembly of the 15 

invention a much higher BLF would be observed making use of the injector less 

convenient. Thus, the invention provides a user friendly injector with efficient 

sealing of a pharmaceutical composition in the injector. The present inventor 

believes, without being bound by any particular theory, that the resilient nature of 

the compressible section provides an evening-out of the force applied to the 20 

passive piston element, which in turn lowers the total BLF of the piston assembly. 

In further embodiments the injector may comprise more than two piston elements 

with a compressible section between pairs of piston elements. 

The maximum BLF felt by the user will thus never be more than the BLF for 

one piston element. The following values exemplify the BLF force obtained in an 25 

embodiment of the invention: the BLF of the actuating piston element of about 7 N 

reduced to a mean glide force of about 4 N increased to a BLF of the passive piston 

element of about 7 N reduced to a mean glide force of about 4 N for injection 

completion, equivalent to approximately 50% of the BLF of a traditional piston of 

about 14 N. The piston according to the invention is hence able to reduce the BLF 30 

to half value or lower compared to any known piston, and moreover when the 

resilient frame is present the glide force is typically more than half the BLF thereby 

providing an even smoother end user experience. 

The piston assembly comprises the actuating piston element and the 

passive piston element, and a compressible section comprising a compressible 35 

fluid. Any non-compressible fluid present between the actuating piston element 

and the passive piston element is considered not to be part of the compressible 
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section. For example, a compressible fluid, e.g. air, between the actuating piston 

element and the passive piston element will normally contain humidity, which can 

form droplets of water on the inner wall of the cylinder or the inner surfaces of the 

piston elements. Once the actuating piston element is moved the compressible 

fluid will be compressed, and eventually the pressure in the compressible section 5 

will be large enough to overcome the static friction of the passive piston element, 

which will start moving. The compressible fluid will provide a spring-like effect so 

that the end user will have a smoother experience than if he were to operate an 

injector having a single stopper with two piston elements, where both sealing 

elements will have to initiate movement simultaneously resulting in a significantly 10 

higher BLF value. 

The compressible section comprises a compressible fluid and a resilient 

frame linking the actuating piston element to the passive piston element. The 

resilient frame may take any form desired, and it may be prepared from any 

material providing appropriate resilience. The material between the actuating 15 

piston element and the passive piston element may, in the context of this 

invention, also be referred to as a “stem” or “stems”. For example, material may 

be removed from a block of material to leave stems, which make up the frame. 

The resilient frame may for example be made from an elastic polymer, e.g. a 

thermoplastic elastomer (TPE), or from an elastic metal. In a certain embodiment 20 

the resilient frame is injection moulded from a TPE, e.g. a styrene block copolymer 

(SBC), such as SBC selected from the list consisting of hydrogenated SBC or non-

hydrogenated SBS or alloys of these. 

Likewise, the actuating piston element and the passive piston element may 

also be prepared from any appropriate material as desired. However, the actuating 25 

piston element and the passive piston element will typically be prepared from a 

polymeric material, in particular an elastic polymeric material allowing that the 

respective piston element seals between the piston element and the inner wall of 

the cylinder. Preferred materials for the actuating piston element and the passive 

piston element, and also the resilient frame, are TPE’s, e.g. an SBC, such as an 30 

SBC selected from the list consisting of hydrogenated SBC or non-hydrogenated 

SBS or alloys of these. It is further preferred that the actuating piston element and 

the passive piston element are injection moulded from a TPE, e.g. the TPE’s 

mentioned above. Thus, in an embodiment the actuating piston element, the 

passive piston element, the resilient frame, or the actuating piston element, the 35 

passive piston element and the resilient frame, e.g. as a single piece, are made 

from a TPE. 



9 

 

In an embodiment, the actuating piston element, the passive piston 

element, the resilient frame, or the actuating piston element, the passive piston 

element and the resilient frame, e.g. as a single piece, are made by injection 

moulding. 

Where a TPE is appropriate in the present invention, any TPE may be used. 5 

Appropriate thermoplastic polymers comprise SBCs, e.g. hydrogenated – H-SBC – 

(SEBS – styreneethylene butylenes-styrene or similar) or non-hydrogenated (SBS 

– styrene-butadienestyrene) or alloys of these and other compatible polymers, 

such as COC elastomers. Preferred SBCs are those known under the trademark 

Evoprene as marketed by AlphaGary Corporation (Leominster, MA, USA). 10 

Evoprenes are described in the brochure “EVOPRENE™ Thermoplastic Elastomer 

(TPE) Compounds - GENERAL INFORMATION” (published by AlphaGary, July 2007), 

and preferred Evoprene™ polymers are Evoprene™ Super G, Evoprene™ G, 

Evoprene™ GC, and Evoprene™ HP, which are described in the brochures 

“EVOPRENE™ SUPER G Thermoplastic Elastomer (TPE) Compounds”, “EVOPRENE™ 15 

G Thermoplastic Elastomer (TPE) Compounds”, “EVOPRENE™ GC Thermoplastic 

Elastomer (TPE) Compounds”, and EVOPRENE™ HP Thermoplastic Elastomer (TPE) 

Compounds (published by AlphaGary, July 2007), respectively. Other relevant 

elastomers comprise COC elastomers, e.g. TOPAS® Elastomer E-140. 

 When the piston assembly is injection moulded the piston assembly can be 20 

made with lower tolerances than afforded by technologies such as vulcanisation, 

which is commonly used in the manufacture of traditional rubber pistons, e.g. 

pistons made from bromobutyl or chlorobutyl rubber. Appropriate materials 

comprise elastomers, such as rubbers, e.g. natural rubber, synthetic rubber 

(polyisoprene rubber, butyl rubber), silicone rubber, and the like, which may be 25 

defined with respect to e.g. the Shore durometer, which indicates the elasticity of 

the elastomeric material and measures the hardness of the elastomeric material, 

where the higher the durometer, the harder the compound. For example, in an 

embodiment of the invention the piston assembly, e.g. including a deformable 

sealing element, has a Shore A hardness in the range of 50 to 90, preferably 60 to 30 

80, more preferred 71 to 76. The terms “Shore hardness” and “Shore durometer” 

may be used interchangeably. In general, the deformable sealing element will be 

homogeneous and composed of the same material throughout the volume of the 

deformable sealing element, which material has a Shore A hardness in the given 

ranges. By using a material with a Shore A hardness in the above mentioned range, 35 

a relatively hard elastomeric material is provided. It should be noted that Shore A 

durometer is only one of many ways to characterise the material properties of the 
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chosen material, and that other tests may also be employed to characterise the 

material. Measurement of the Shore A hardness is well-known to the skilled person 

and in particular the Shore A hardness is generally recorded according to the 

ISO 868 standard. 

Exemplary TPE’s and their Shore A hardnesses are summarised in Table 1. 5 

 

Table 1 Exemplary TPE’s 

Evoprene G 3295 57 Evoprene GC 5648 55 Evoprene GC 5700 75 

Evoprene G 6087 86 Evoprene GC 5649 63 Evoprene GC 5701 86 

Evoprene G 614 88 Evoprene GC 5650 71 Evoprene GC 640 80 

Evoprene G 927 82 Evoprene GC 5651 76 Evoprene GC 641 76 

Evoprene G 940 87 Evoprene GC 5652 87 Evoprene GC 642 76 

Evoprene G 958 56 Evoprene GC 5656 54 Evoprene GC 645 86 

Evoprene G 962 50 Evoprene GC 5657 60 Evoprene HP 3704 50 

Evoprene G 963 60 Evoprene GC 5658 69 Evoprene HP 3706 60 

Evoprene G 964 88 Evoprene GC 5659 76 Evoprene HP 3708 70 

Evoprene G 969 65 Evoprene GC 5681 59 Evoprene HP 3710 80 

Evoprene G 970 70 Evoprene GC 5682 67 Evoprene HP 3712 90 

Evoprene G 971 83 Evoprene GC 5683 76 Evoprene HP 3724 50 

Evoprene G 974 71 Evoprene GC 5684 85 Evoprene HP 3726 60 

Evoprene G 975 84 Evoprene GC 5688 53 Evoprene HP 3728 70 

Evoprene G 978 91 Evoprene GC 5689 61 Evoprene HP 3730 80 

Evoprene G 991 60 Evoprene GC 5690 67 Evoprene HP 3732 90 

Evoprene G 996 74 Evoprene GC 5691 78 Evoprene Super G 931 61 

Evoprene GC 5617 59 Evoprene GC 5692 83 Evoprene Super G 932 71 

Evoprene GC 5618 65 Evoprene GC 5693 86 Evoprene Super G 934 76 

Evoprene GC 5619 73 Evoprene GC 5698 52 Evoprene Super G 949 54 

Evoprene GC 5647 50 Evoprene GC 5699 63 TOPAS® E-140 89 

 

In the piston assembly according to the invention, the passive piston 

element, and the resilient frame have, or the actuating piston element, the passive 10 

piston element and the resilient frame may have a Shore A hardness in the range 

of 50 to 90. When the resilient frame has a Shore A hardness in the range of 50 to 

90, in particular 70 to 90, the BLF (measured in N) is generally within 150% of the 

glide force (measured in N). 
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TPE’s may also be defined by their compression set values, which 

corresponds to the deformation remaining after removal of a force that was applied 

to it (and is typically expressed in %). The compression set value is typically 

recorded over a specified period of time, e.g. in the range of 18 hours to 96 hours, 

and at a specified temperature, for example according to the ISO 815 standard. In 5 

the context of the present invention the compression set is generally recorded at 

an “ambient temperature”, e.g. in the range of 10°C to 40°C. In general, the higher 

the temperature the shorter the time relevant for recording the compression set. 

The compression set should generally be as low as possible but for a piston 

assembly, or a part of a piston assembly, of the invention the compression set may 10 

be in the range of 15% to 40%. The compression set value is generally relevant 

for prefilled injectors where the piston assembly will be inserted into the cylinder 

and therefore compressed when the prefilled injector is stored for extended periods 

of time. When the piston elements have a Shore A hardness in the range of 50 to 

90 and a compression set value of at least 25%, e.g. in the range of 25% to 35%, 15 

the BLF of a prefilled injector of the invention will decrease upon storage, e.g. for 

at least 5 days, so that a piston assembly of the invention is especially 

advantageous for a prefilled injector. As long as the compression set is below 60% 

CCI is ensured. 

In a certain embodiment the piston elements of the piston assembly each 20 

comprise one or more convex deformable sealing elements, which deformable 

sealing element abuts the inner wall of the cylinder at an abutting interface and 

provide a seal between the piston element and the inner wall of the cylinder. The 

term “abutting interface” refers to any section where the inner wall and the 

deformable sealing elements contact each other and the “abutting interface” does 25 

not impose any limitations on either the inner wall of the cylinder or the surface of 

the sealing element. In this context the term “convex” means that a straight line 

between any two points within the deformable sealing element does not cross the 

surface of the deformable sealing element. In particular, the deformable sealing 

elements are convex when the respective piston element is in a “relaxed state”, 30 

e.g. in a state without deformation, such as deformation caused by inserting the 

piston assembly into a cylinder, although it is preferred that the deformable sealing 

elements are also convex when inserted into the cylinder. The diameter of the 

deformable sealing element, i.e. the diameter of the piston element, is typically 

3% to 20% larger than the inner diameter of the cylinder, e.g. 5% to 15% larger. 35 

When a piston element with a convex deformable sealing element having a 

diameter 3% to 20% larger than the inner diameter of the cylinder is prepared 
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from a material, e.g. a TPE, of a Shore A hardness in the range of 50 to 90, e.g. in 

the range of 70 to 90, the piston assembly may be used without lubrication. The 

injector does not comprise a silicone lubricant. Lubricants, e.g. silicone lubricants, 

are not inert with respect to certain pharmaceutical compounds, e.g. 

pharmaceutical compounds based on protein molecules, such as vaccines, and 5 

lubricants should be avoided for long term storage of injectors prefilled with a 

pharmaceutical compound. Therefore, this advantageously allows long term 

storage of an injector of the invention prefilled with a pharmaceutical compound, 

e.g. a protein based pharmaceutical compound, without detrimental effects on the 

pharmaceutical compound. When the actuating piston element and the passive 10 

piston element, in particular the deformable sealing elements that contact the inner 

surface of the cylinder, are made from a TPE having a Shore A hardness in the 

range of 50 to 90, the stick-in effect is avoided even when no lubricant, e.g. a 

silicone lubricant, is present. Thus, any embodiment where the actuating piston 

element and the passive piston element are made from a TPE having a Shore A 15 

hardness in the range of 50 to 90 and where no lubricant is present is especially 

suited for long term storage, since no stick-in effect occurs, long term sealing is 

provided and negative effects on the pharmaceutical from a lubricant are avoided 

while still retaining a smooth end user experience due to the reduction in the BLF 

afforded by the piston assembly of the invention. The effect is observed for 20 

injectors having polymeric as well as glass cylinders. 

In a specific embodiment the diameter of the actuating piston element is 

smaller than the diameter of the passive piston element, e.g. when the piston 

assembly is in a relaxed state. Thereby, the BLF relating to the actuating piston 

element is smaller than the BLF relating to the passive piston element, which in 25 

turn provides that both the overall BLF and the glide force is decreased thus 

providing a smoother experience to the end user when emptying the injector. 

Moreover, since the BLF of the actuating piston element is lower than the BLF of 

the passive piston element it is ensured that when the actuating force is removed 

from the actuating piston element the passive piston element will remain and only 30 

the actuating piston element will move. Thereby better control of the injected 

volume is possible. 

Due to its unique design reducing the total BLF by differential movement of 

sealing elements the piston assembly is able to interact smoothly with glass barrels 

despite the significant tolerances even when lubrication is omitted, since the 35 

diameters of the piston elements may be maximised while still obtaining a low BLF 

due to the differential movement of the piston elements. Thus, in a preferred 
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embodiment the cylinder is made from glass, e.g. borosilicate glass, and the 

injector does not comprise a lubricant. The combination of the efficient sealing 

obtained using two piston elements and the reduced BLF is especially 

advantageous for long term storage of a prefilled injector, since the stick-in effect 

does not occur, and moreover detrimental effects of lubricants on the 5 

pharmaceutical composition, e.g. a protein based pharmaceutical composition, are 

avoided. The invention can be said to provide an injector for long term storage of 

a pharmaceutical composition, which does not suffer from stick-in effects. 

In an embodiment the resilient frame is joined with the actuating piston 

element and the passive piston element by gluing, welding, e.g. laser welding, 10 

ultrasonic welding, etc., or by any appropriate method. In this embodiment the 

actuating piston element, the passive piston element and the resilient frame may 

be made from the same material or from different materials. 

In another embodiment the actuating piston element, the passive piston 

element and the resilient frame are provided as a single piece of material, which 15 

may be modified e.g. to provide a resilient frame or piston elements with desired 

shapes. For example, sections may be removed from a block of material to provide 

the desired shapes. Another option for preparing the piston element is 3D printing. 

In a preferred embodiment the actuating piston element, the passive piston 

element and the resilient frame are provided as a single piece of material in its 20 

final shape. Such a material may be provided by injection moulding, e.g. of a TPE. 

It is especially preferred that the piston assembly is injection moulded as a single 

piece in its final shape from a TPE having a Shore A hardness in the range of 50 to 

90, e.g. 70 to 90. This piston assembly is appropriate for an injector not containing 

a lubricant, e.g. a silicone lubricant. 25 

The compressible section has a volume calculated from the inner surface of 

the actuating piston element facing the compressible section to the inner surface 

of the passive piston element facing the compressible section. The compressible 

section will have a volume and the part of the volume occupied by the resilient 

frame is, in the context of the invention, referred to as the “volumetric fraction”. 30 

The resilient frame has a volumetric fraction in the range of 15% to 50% of the 

volume of the compressible section. For example, the resilient frame may have a 

generally cylindrical shape with one or more holes or indentations, which together 

with elastic properties of the material of the frame provide the resilience. In certain 

embodiments a cylindrically shaped frame has a single through-going hole. The 35 

through-going hole may have any cross-sectional shape, e.g. round, oval, 

rectangular, square, etc. A through-going hole will provide the frame with walls, or 
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“weakened sections” providing resilience to the frame. When the frame comprises 

a through-going hole the volumetric fraction of the resilient frame will typically be 

in the range of 30% to 70%. In a specific embodiment the resilient frame has an 

axial length in the range of 30% to 70% of the total length of the piston assembly. 

The resilient frame may also take the form of one or more pillars or stems 5 

linking the actuating piston element to the passive piston element. In the context 

of the invention the terms “stem” and “pillar” may be used interchangeably. The 

pillars may be designed freely, but the width, thickness and length of the pillars 

may vary in order to achieve the necessary contraction, which may depend on the 

dimension and inner diameter of the cylinder affecting the force and friction 10 

requirements for a given piston assembly. By pushing the actuating piston element 

the pillar(s) will deform to provide resilience to the frame. In an embodiment the 

pillar is or the pillars are of a linear shape. The pillar or pillars may extend at a 

right angle between the actuating piston element and the passive piston element, 

or the pillar or pillars may extend at an angle deviating from a right angle. When 15 

the angle of the pillar(s) deviate(s) from a right angle deformation of the pillar(s) 

is generally smoother than when the pillar(s) are at a right angle thereby providing 

a more user friendly operation of the injector. In a specific embodiment the pillar 

is curved or contains an angle. A curved or angled pillar will also deform more 

smoothly to provide a more user friendly operation of the injector. In another 20 

embodiment the resilient frame has a helical shape. A helically shaped resilient 

frame will also provide a more user friendly operation of the injector. 

In a further embodiment the compressible section comprises frame in the 

form of a sponge or the like. For example, the material, e.g. an elastic material, of 

the resilient frame may have a network of a regular or irregular structure with the 25 

material making up from 20% to 40% of the total volume of the structure. A piston 

assembly having a frame with such a structure may be prepared by two-component 

moulding. 

In an embodiment of the invention the actuating surface of the actuating 

piston element may comprise a cavity for interaction with the tip of a plunger or 30 

rod for the traditional prefilled syringes with a permanent plunger attached to the 

piston. To accommodate easy and simple mounting of a plunger or rod a further 

embodiment comprises cavities, e.g. identical cavities, at the actuating surface of 

the actuating piston element and the outlet surface of the passive piston element. 

This eliminates the need for orientation of the piston assembly upon insertion into 35 

the cylinder due to the symmetric design. 
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In a further embodiment the actuating piston element comprises an 

engagement device for engaging a complementary engagement device of a piston 

rod. The piston assembly preferably has a resilient frame linking the actuating 

piston element to the passive piston element. Thereby the injector may be used as 

a conventional injector allowing the user to fill the injector with a pharmaceutical 5 

composition for injection into a patient. In a specific embodiment the injector also 

comprises a piston rod having a complementary engagement device, i.e. 

complementary to the engagement device of the actuating piston element. An 

exemplary set of an engagement device and a complementary engagement device 

comprise an internal and an external helical thread. When the injector has a piston 10 

assembly with an actuating piston element having an engagement device for 

engaging a complementary engagement device of a piston rod, the effect of the 

piston assembly on the BLF is obtained both when pushing and pulling the piston 

assembly using the piston rod, i.e. when emptying or filling the injector. Thereby 

a more accurate filling of the injector can be obtained due to the low difference 15 

between the BLF and the glide force. 

In general, a compressible fluid present in the compressible section will be 

at a pressure corresponding to the ambient pressure of the injector. However, it is 

also contemplated that the injector with the two piston elements may be assembled 

at an increased or decreased pressure. Following assembly at a modified pressure 20 

the moveable nature of the piston elements will provide that the pressure of the 

compressible section adjusts to the ambient pressure. 

When the piston assembly comprises the resilient frame it is preferred that 

the piston assembly is symmetrical with respect to the actuating surface of the 

actuating piston element compared to the outlet surface of the passive piston 25 

element. Thereby insertion of the piston assembly in the cylinder is not dependent 

on its orientation. This simplifies the manufacturing of the injector compared to 

injectors having a piston rod engaging a piston with means for receiving the piston 

rod. 

The injector may be any kind of injector employed to deliver a 30 

pharmaceutical composition to a subject through the skin of the subject. For 

example, the injector may be a syringe, which is fitted with a hypodermic needle 

to inject a pharmaceutical composition, e.g. via subcutaneous (SC), intramuscular 

(IM), intra-dermal (ID), or intravenous (IV) delivery or another type of delivery. 

The injector may comprise a needle cap having a tubular section for 35 

actuating the actuating piston element, which needle cap has a needle insertion 

end comprising an engagement device for engaging a complementary engagement 
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device of the outlet of the cylinder when the needle cap is mounted on the cylinder, 

which needle cap has a length, which is equal to or larger than an operating length 

of the cylinder defined by the distance from the actuating end of the cylinder to 

the outlet end of the cylinder minus the dimension of the piston assembly parallel 

with the longitudinal axis, e.g. in a relaxed state. In general, the distance from the 5 

actuating end of the cylinder to the outlet end of the cylinder minus the dimension 

of the piston assembly parallel with the longitudinal axis of the cylinder defines an 

“operating length” of the cylinder. The piston assembly may be moved towards the 

outlet end using any means from the actuating end, for example the piston 

assembly may be moved towards the outlet end using a piston rod or a plunger. It 10 

is preferred that the piston assembly cannot be moved towards the actuating end, 

e.g. from the outlet end, with engagement of the piston assembly, e.g. with a 

piston rod or the like, from the actuating end. The needle cap may consist of the 

elastomeric material or it may consist of a rigid material, e.g. a polymeric rigid or 

elastomeric material. Further details on this embodiment are found in 15 

US 2016/0129197 and DK 178284 B1, in particular, the respective claims. 

The cylinder at the actuating end may be open across the whole cross-

section of the cylinder, which allows for removal and insertion of the piston 

assembly and thereby also filling of the injector via the actuating end. The cylinder 

may also have at the actuating end a ridge or protrusion(s) or the like preventing 20 

removal of the piston assembly once inserted in the cylinder. In particular, the 

ridge or protrusion(s) may provide a “lock device” of a “spring-lock device” where 

the complementary “spring device” is contained on a piston rod. A spring-lock 

device or the like can lock the piston rod after moving the piston assembly to the 

outlet end of the cylinder thereby preventing refilling of the cylinder. 25 

The injector may comprise, e.g. at the outlet end, a fitting for attaching or 

mounting a hypodermic needle. The cylinder may thus have a tapered outlet, e.g. 

a tubular outlet, from the cylinder providing an engagement device for engaging a 

complementary engagement device of a hypodermic needle, e.g. the engagement 

device and the complementary engagement device may comprise a male-female 30 

interaction, with the tubular outlet optionally comprising an external thread, e.g. a 

helical external thread, and the hypodermic needle optionally comprising a 

complementary internal thread, e.g. a helical internal thread. A hypodermic needle 

may be fitted to allow simple removal, and replacement, of the hypodermic needle, 

or the hypodermic needle may be mounted permanently on the injector. In 35 

particular, the hypodermic needle may be mounted on the injector so that its 

removal requires the destruction of the injector thereby preventing reuse, which in 
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the context of the invention is considered “permanent”. It is preferred that the 

injector comprises a hypodermic needle attached, e.g. permanently attached, to 

the outlet of the cylinder. 

In an embodiment of the invention the injector, preferably prefilled, is a 

syringe with a hypodermic needle. The syringe may have a hypodermic needle 5 

mounted, e.g. permanently mounted, on a tubular outlet or an outlet of another 

shape. When the injector is prefilled, in particular when it also comprises a needle 

cap for use as a piston rod, there may be a clearance between the actuating end 

of the cylinder and the actuating surface of the piston assembly. The clearance 

ensures stability of a piston rod when this is inserted in the cylinder, which results 10 

in a safer and easier operation of the injector. The clearance, e.g. measured in 

units of length, may be any value relevant for the size, e.g. volume, of injector and 

the dose of pharmaceutical composition in the injector. Typical values for the 

clearance are between about 2 mm to about 20 mm. However, the clearance may 

be in excess of 20 mm in cases where the actual volume of the injectable volume 15 

is considerably less than the cylinder usable volume, e.g. for ophthalmic injections 

where the injectable volume is only 0.05 ml, although the injector body and hence 

the cylinder is considerably larger and especially longer in order for the user to be 

able to handle and control the injector 

In an embodiment of the invention the actuating piston element, the passive 20 

piston element and/or the resilient frame comprise one or more stabilising fins. A 

stabilising fin may take any form or shape as desired and will typically provide a 

non-sealing contact between the respective piston element or the resilient frame 

and the inner wall of the cylinder. A stabilising fin will generally be present on the 

respective piston element at a location different from the abutting surface between 25 

the piston element and the inner wall of the cylinder, e.g. between the actuating 

surface and the deformable sealing element of the actuating piston element or 

between the outlet surface and the deformable sealing element of the passive 

piston element, or as part of the resilient frame when present. In an embodiment 

the stabilising fin is a circular outward protrusion surrounding a body of the piston 30 

element, which body does not contact the inner wall of the cylinder, and the 

stabilising fin is positioned between the inner surface of the respective piston 

element and the section of the respective piston element abutting the inner wall of 

the cylinder, e.g. a convex deformable sealing element, or between the section of 

the respective piston element abutting the inner wall of the cylinder and the 35 

resilient frame, or on the resilient frame. When a stabilising fin, e.g. in the shape 

of a circular outward protrusion, is positioned between the inner surface of the 
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respective piston element and the section of the passive piston element abutting 

the inner wall of the cylinder it is ensured that there is a lower risk of residual 

injectable substance left after completed injection compared to the embodiment 

having a stabilising fin between the section of the passive piston element abutting 

the inner wall of the cylinder and the outlet surface. The stabilising fins may also 5 

be present at a location between the deformable sealing element and the 

compressible section of either piston element. In an embodiment, the stabilising 

fins have a longitudinal direction relative to the cylinder into which the piston 

elements are inserted. The stabilising fins therefore contribute only marginally to 

the BLF of piston assembly. Regardless of its position on a piston element the 10 

stabilising fin prevents tilting of the respective piston element. Prevention of tilting 

provides a more robust injector. When a piston in an injector tilts the operation of 

the injector becomes less predictable, and in particular, in embodiments of the 

injector of the present invention, in which a compressible fluid is present in the 

compressible section tilting can cause a malfunction of the injector with respect to 15 

lowering the BLF. Therefore, stabilising fins are especially advantageous to the 

injector of the invention. 

In a specific embodiment the stabilising fin is flexible, in particular in an 

axial direction of the cylinder of the injector. A flexible stabilising fin will typically 

comprise one or more sections surrounding the piston body and have a radial 20 

extension, which is larger than the inner diameter or the distance, e.g. the radial 

distance, between the inner walls of the cylinder. For example, the flexible 

stabilising element can have a diameter, or radial dimension, in the range of 120% 

to 200% of the inner diameter, or distance between the inner walls, of the cylinder. 

Upon insertion into the cylinder the flexible stabilising fin will bend and slide along 25 

the inner wall of the cylinder without significantly contributing to the glide force of 

the piston assembly. Once inserted into the cylinder the flexible stabilising fin of a 

piston assembly having a flexible stabilising fin will only provide an insignificant 

contribution to the BLF of the piston assembly. The flexible stabilising fin, e.g. a 

flexible stabilising fin having a radial extension, which is larger than the inner 30 

diameter of the cylinder of the injector, will improve the stability against tilting of 

the piston assembly. A stabilising fin may for example take the form of a collar 

surrounding the piston body, or the stabilising fin may comprise two or more, e.g. 

three or four, flaps, radially extending from a centre axis of the piston body. The 

thickness of the flexible stabilising fin, e.g. in an axial direction of the piston body, 35 

will typically be up to 1 mm, e.g. in the range of 0.1 mm to 1.0 mm. The flexible 

stabilising fin preferably has a Shore A hardness in the range of 50 to 90, and it is 
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more preferably made from the same material as the piston body and/or the piston 

elements. In an embodiment the piston assembly including a flexible stabilising fin 

is injection moulded as a single piece, e.g. from a TPE. An axially flexible stabilising 

fin is especially appropriate when the compressible section consists of a 

compressible fluid since tilting of either the actuating piston element or the passive 5 

piston element will prevent sealing the compressible section. 

The features of the injectors of any aspects of the invention may be 

combined freely and any advantage obtained for a specific feature is available to 

either aspect by incorporated the respective feature in the injector. 

 10 

Brief description of the figures 

In the following the invention will be explained in greater detail with the aid 

of examples and with reference to the schematic drawings, in which 

Figure 1 shows a perspective view of a piston of the prior art; 

Figure 2 shows a perspective view of a piston assembly of an injector of the 15 

invention; 

Figure 3 shows a side view of a piston assembly of an injector of the 

invention; 

Figure 4 shows side views of an injector of the invention; 

Figure 5 shows side views of an injector of the invention; 20 

Figure 6 shows a side view of a piston assembly of an injector of the 

invention; 

Figure 7 shows a side view of a piston assembly of an injector of the 

invention; 

Figure 8 shows a top view of the piston assembly of an injector shown in 25 

Figure 7; 

Figure 9 shows a perspective view of a piston assembly of an injector of the 

invention; 

Figure 10 shows a side view of the piston assembly shown in Figure 9; 

Figure 11 shows a side view of an injector with the piston assembly of Figure 30 

9 and Figure 10; 

Figure 12 shows side views of a piston assembly and an injector of the 

invention; 

Figure 13 shows side views of a piston assembly and an injector of the 

invention; 35 
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Figure 14 shows side views of a piston assembly and an injector of the 

invention; 

Figure 15 shows side views of an injector of the invention; 

Figure 16 shows a perspective view of a piston assembly of an injector of 

the invention; 5 

Figure 17 shows a perspective view of a piston assembly of an injector of 

the invention; 

Figure 18 shows a perspective view and side views of a piston assembly of 

an injector of the invention; 

Figure 19 shows a side view of a piston assembly of an injector of the 10 

invention; 

Figure 20 shows a perspective view of a piston assembly of an injector of 

the invention with a piston rod; 

Figure 21 shows a perspective view of a piston assembly of an injector of 

the invention; 15 

Figure 22 shows different views of a piston assembly of an injector of the 

invention; 

Figure 23 shows different views of a piston assembly of an injector of the 

invention; 

Figure 24 shows a plot of load vs. displacement for an injector of the prior 20 

art. 

Figure 25 shows a plot of load vs. displacement for an injector of the 

invention. 

It should be understood that combinations of the features in the various 

embodiments are also contemplated, and that the various features, details and 25 

embodiments may be combined into other embodiments. 

Reference to the figures serves to explain the invention and should not be 

construed as limiting the features to the specific embodiments as depicted. 

 

Detailed description of the invention 30 

The present invention relates to injectors for delivery of a pharmaceutical 

composition. The present invention will now be described in greater detail with 

reference to the appended drawings. Certain figures are depicted as “cross-

sectional views” of the injectors of the invention, where the injector in the “cross-

sectional view” is depicted at an angle of 90° compared to the injector otherwise 35 

depicted. Certain figures depict side views of injectors of the invention. These side 
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views do not depict the outlet of the injectors but it is to be understood that the 

injector of the invention will have an outlet, e.g. fitted with a hypodermic needle. 

Figure 1 shows a conventional piston 100 of a syringe (not shown) for 

injection of a pharmaceutical compound. The conventional piston comprises a 

piston body 101 and, in the version shown, two sealing elements 102, which, when 5 

the conventional piston 100 is inserted into a syringe, seal an annular gap between 

the piston body 101 and the inner wall of the syringe. The piston body 101 is 

typically made of rubber or a similar material with low compressibility. In order to 

move the conventional piston 100 in the syringe the break loose force (BLF) will 

include the combined static friction of the two sealing elements 102. 10 

Figure 2 shows a perspective view of a piston assembly 3 having a 

compressible section 31 between an actuating piston element 32 and a passive 

piston element 33. The actuating piston element 32 comprises a resilient frame 

34, which in the embodiment shown, has a single through-going hole 35 and 

corresponding walls 36. The actuating piston element 32 has an actuating surface 15 

321, and the passive piston element 33 has an outlet surface 331; in the 

embodiment shown the piston assembly 3 is symmetrical relative to the actuating 

surface 321 and the outlet surface 331 so that orientation of the piston assembly 

3 in the injector is irrelevant. The piston elements 32,33 of the piston assembly 3 

of Figure 2 have convex deformable sealing elements 5, and the piston assembly 20 

3 has been prepared as a single piece by injection moulding of a thermoplastic 

elastomer (TPE), e.g. having a Shore A hardness in the range of 50 to 90. The 

piston assembly 3 of Figure 2 is depicted as a side view in Figure 3, and in Figure 

4 the piston assembly 3 is shown inserted into an injector 1. Figure 4 shows the 

actuating end 24 of the cylinder 2 where finger grips 4 are located. The convex 25 

deformable sealing elements 5 of the piston elements 32,33 abut the inner wall 21 

of the cylinder 2 and provide seals between the piston assembly 3 and the inner 

wall 21. In Figure 4 (left panel) the piston assembly 3 is shown in a relaxed state 

and in Figure 4 (right panel) a force (indicated by the arrow) is applied to the 

actuating surface 321 so that the compressible section 31 is compressed; the walls 30 

of the resilient frame 36 are deformed by the compression. The axial length of the 

compressible section 31 relative to the total length of the piston assembly 3 (in a 

relaxed state) is about 50%, and the volumetric fraction of the resilient frame 34 

is about 30% in Figure 2 to Figure 4. 

Figure 5 shows an embodiment where the compressible section 31 consists 35 

of a compressible fluid, e.g. air. Thus, the piston assembly 3 comprises an 

actuating piston element 32 and a passive piston element 33, which are both made 
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from an Evoprene having a Shore A hardness of 71, and it does not comprise the 

resilient frame. The actuating piston element 32 and a passive piston element 33 

may be made from any TPE having a Shore A hardness in the range of 50 to 90, 

e.g. any TPE listed in Table 1. In Figure 5 (left frame) the piston assembly 3 is 

shown in a relaxed state and in Figure 5 (right frame) a force (indicated by the 5 

arrow) is applied to the actuating surface 321 so that the compressible section 31 

of the compressible fluid is compressed. 

The through-going hole 35 is depicted as having a round cross-section in 

Figure 2 and Figure 3, but the through-going hole is not limited with respect to the 

cross-sectional shape. Thus, Figure 6 shows an embodiment where the through-10 

going hole 35 has a rectangular cross-section. In other embodiments the resilient 

frame 34 can have any number of through-going holes of any cross-sectional 

shape. It is moreover possible for the resilient frame 34 to have one or more 

indentations, e.g. holes that are not through-going. 

Figure 7 to Figure 14 show embodiments where the resilient frame 34 has 15 

the form of one or more pillars 37; in these embodiments the resilient frame 34, 

the actuating piston element 32 and the passive piston element 33 are typically 

prepared from the same material, e.g. by injection moulding of a TPE. 

 Figure 7 shows an embodiment where the resilient frame 34 consists of 

four pillars 37; in Figure 8 the four pillars 37 are shown in a (cross-sectional) top-20 

view. The pillars 37 have a square cross-section and extend at right angles between 

the inner surfaces 311 of the piston elements 32,33. The volumetric fraction of the 

resilient frame 34 is in the range of 15% to 25% in the embodiment of Figure 7 

and Figure 8. 

Figure 9 shows a perspective view of a piston assembly 3 having a resilient 25 

frame 34 consisting of a single pillar, which is shown as a side view in Figure 10. 

The pillar extends at right angles between the inner surfaces 311 of the piston 

elements 32,33, and Figure 11 shows the piston assembly 3 inserted into a cylinder 

2 and deformed by an external force (indicated by the arrow). 

In Figure 12 the resilient frame 34 has two pillars which extend from the 30 

side of the inner surface 311 of the actuating piston element 32 to the centre of 

the inner surface 311 of the passive piston element 33 or vice versa. Figure 12a 

shows the piston assembly 3 in a relaxed state, and in Figure 12b the piston 

assembly 3 has been inserted into the cylinder 2 and is shown in a compressed 

state where the pillars are deformed by application of an external force as indicated 35 

by the arrow. It is noted that Figure 12b shows the piston assembly 3 in one 

orientation with respect to the cylinder 2 but that this embodiment is considered 
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symmetrical with respect to the actuating surface 321 and the outlet surface 331 

of the respective piston elements 32,33 and that the orientation in the cylinder 2 

is not relevant for correct functioning of the piston assembly 3. 

Figure 13 shows side views of a piston assembly 3 (Figure 13a) and a 

cylinder 2 containing the piston assembly 3 (Figure 13b), which piston assembly 3 5 

has a resilient frame 34 in the form of two pillars each containing an angle 341. 

The pillars are made from a TPE but could, due to the angle 341, also be prepared 

from a more rigid material, e.g. a polymer. The angle 341 provides resilience to 

the resilient frame 34, and upon exposure to an external force as depicted in Figure 

13b the angle 341 will bend allowing the actuating piston element 32 to compress 10 

the compressible section 31 and then eventually push the passive piston element 

33 at a reduced BLF compared to the added BLF of each of the piston elements 

32,33. 

Figure 14 shows a variation of the embodiment depicted in Figure 13 with 

Figure 14a showing the piston assembly 3 in a relaxed state and Figure 14b 15 

showing the piston assembly 3 in a cylinder 2 compressed by an external force 

(indicated by an arrow) where the angles 341 of the pillars making up the resilient 

frame 34 are mirrored compared to the angles 341 of the embodiment in Figure 

13. All observations made for the embodiment in Figure 13 are relevant also for 

the embodiment of Figure 14. 20 

Figure 15 shows side views of an injector 1 having piston element 3 with a 

compressible element 31 made from a spongy material 38. Figure 15 (left panel) 

shows the piston element 3 in a relaxed stated and in Figure 15 (right panel) the 

spongy material 38 is compressed by an external force (indicated by an arrow) so 

that the compressible section 31 is also compressed. 25 

Figure 16 and Figure 17 show embodiments where the resilient frame 34 

and the piston elements 32,33, respectively, are provided with stabilising fins 7. 

The piston elements 32,33 each have a piston body 8, which will not contact the 

inner wall 21 of the cylinder 2 once the piston assembly is inserted in the cylinder 

2. The stabilising fins 7 ensure that the piston assembly 3 can be inserted into the 30 

cylinder 2 and that the piston assembly 3 can be deformed without risk of tilting 

of a piston element 32,33. The stabilising fins 7 are present as longitudinally 

extended protrusions on the resilient frame 34 and/or the piston elements 32,33 

where they provide a non-sealing contact with the inner wall of the cylinder. 

The embodiment depicted in Figure 17 has a cylindrically shaped resilient 35 

frame 34 transverse to the cylinder. This embodiment of the piston assembly 3 

may be prepared by gluing or welding appropriately shaped piston elements 32,33 
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with the resilient frame 34, or the piston assembly 3 including the piston elements 

32,33 and the resilient frame 34 may be injection moulded as a single piece. 

Figure 18 shows an embodiment of the piston assembly 3, where the 

actuating piston element 32 and the passive piston element 33 each have 

stabilising fins 7 in the form of circumferential structures but otherwise providing 5 

the function of the stabilising fins 7 described above. The piston assembly 3 is 

depicted in a perspective view in Figure 18a and in side views at different right 

angles in Figure 18b and Figure 18c. 

Figure 19 shows a side view of an embodiment of the piston assembly 3 

where a circular stabilising fin 7 surrounds a piston body 8, which will not contact 10 

the inner wall 21 of the cylinder 2 once the piston assembly is inserted in the 

cylinder 2. The stabilising fin 7 is located between the section of the respective 

piston elements 32,33 abutting the inner wall 21 of the cylinder 2, once the piston 

assembly is inserted in the cylinder 2, and the resilient frame 34. 

Figure 20 shows a side view of an embodiment of the piston assembly 3 15 

where the actuating piston element 32 has an engagement device 61 for engaging 

a complementary engagement device 62 of a piston rod 6. When the piston rod 6 

engages the actuating piston element 32 via the engagement device 61 and the 

complementary engagement device 62 it is possible to fill the injector with a 

pharmaceutical composition for injection into a patient. For ease of automatic 20 

assembly of the injector 1, e.g. with regard to the piston assembly 3 shown in 

Figure 20, the passive piston element 33 may have a similar engagement device 

(not shown) enabling the omitting of piston orientation during production. 

Figure 21 shows a side view of an embodiment of the piston assembly 3 

where the piston body 8 has a flexible stabilising fin 71. The flexible stabilising fins 25 

71 of the embodiment shown are a made from single pieces of TPE fully 

surrounding the piston body 8. However, a flexible stabilising fin 71 may also 

comprise more than one, e.g. three, four or more, sections, for example in the 

form of flaps. In Figure 21a the piston assembly 3 is shown partly inserted into a 

cylinder illustrated with the inner walls 21, and in Figure 21b the piston assembly 30 

3 is shown fully inserted between the inner walls 21. The radial extension, e.g. the 

diameter, of the flexible stabilising fin 71 is larger than the inner diameter of the 

cylinder, so that when the flexible stabilising fin 71 is inserted into the cylinder the 

flexible stabilising fin 71 will bend along the inner walls 21 of the cylinder in a 

direction opposite the direction of the movement of the piston assembly 3 relative 35 

to the cylinder. 
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Figure 22 and Figure 23 show embodiments of piston assemblies made for 

glass cylinders of 0.5 mL and 1.0 mL volume, respectively. The piston assemblies 

are injection moulded as single pieces from Evoprene and the piston assemblies 

are symmetrical with respect to the actuating surface and the outlet surface of the 

respective piston elements so that no orientation of the piston assemblies is 5 

required when inserting into the cylinder. The actuating surface and the outlet 

surface have a protrusion each providing a specific function. The protrusion of the 

outlet surface is shaped to ensure complete emptying of the cylinder upon 

injection, and the identical protrusion of the actuating surface has a shape 

complementary to the shape of a needle cap functioning as a piston rod, e.g. a 10 

tubular section for housing the hypodermic needle as described in 

US 2016/0129197 and DK 178284 B1. Figure 22 and Figure 23 show side views of 

the piston assemblies where one view illustrates the cylindrical resilient frame, 

which is depicted at a 90° rotation in the other view; the piston assemblies are 

also shown in perspective views also depicting the cylindrical resilient frames. 15 

Measures, in mm, are indicated in Figure 22 and Figure 23. 

 

Examples 

Example 1 

The container closure integrity of an injector of the invention was tested. 20 

Glass syringes with an integrated hypodermic needle were filled with a blue dye 

solution prepared according to the guidelines in ASTM F 1929. Until the testing 

began, the injectors were stored at 23°C, 50% RH. The test components were un-

siliconised or without any other lubricant. The pre-filled injectors used in this study 

had a piston assembly of the thermoplastic elastomer (TPE) Evoprene G970 with a 25 

diameter, in the relaxed state, of the piston elements of 4.88 mm. The nominal 

capacity of the injectors was 0.5 mL, and the cylinders were made from borosilicate 

glass. 

The test was conducted by placing the injectors on absorbent paper in 

desiccator as follows: 30 

-25 mbar for 10 min, inspection, and then 

-35 mbar for 10 min, inspection, and then 

-100 mbar for 10 min, final inspection. 

 

The results are summarised in Table 2. 35 
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Table 2 Results of container closure integrity tests 

No. of 

replicates 

Inspection 

after -25 mbar, 10 

min 

Inspection 

after -35 mbar, 10 

min 

Final 

inspection -100 mbar, 

10 min 

5 No leaking syringes No leaking syringes No leaking syringes 

 

Example 2 

The forces required to empty an injector of the invention was tested and 

compared to an injector of the prior art. Pre-filled glass injectors with integrated 5 

hypodermic needles were stored at 23°C, 50% RH until testing began. The test 

components were un-siliconised or without any other lubricant or coating. The pre-

filled injectors of the invention used in this study had a piston assembly of Evoprene 

G970 with a diameter, in the relaxed state, of the piston elements of 4.88 mm. 

Specifically, the tested piston assembly of the invention is depicted in Figure 2. The 10 

prior art injector likewise had a piston of Evoprene G970. The nominal capacities 

of the injectors were 0.5 mL, and the cylinders were made from borosilicate glass. 

Testing was based on ISO 7886-3:2005 Annex B Sterile hypodermic syringes for 

single use - Part 3: Auto-disable syringes for fixed-dose immunisation, Test method 

for forces required to operate plunger. An Instron mechanical testing machine 15 

equipped with 100 N load cell was employed at 100 mm/min. 

 

The results are summarised in Table 3 and depicted in Figure 24 (injector 

with a piston of the prior art) and Figure 25 (injector of the invention). 

 20 

Table 3 Results of tests of forces required to empty an injector  

Sample No. of 

replicates 

Average maximum BLF 

(N) 

Glide force 

(N) 

Prior art 5 14(1) 5-15 

Injector of the invention 5 6(1) 3-6 

 

It is evident from Figure 24 and Figure 25 that the injector of the invention 

reduced the overall BLF to a value similar to the glide force of the piston assembly. 

This demonstrates that the present invention provides an injector with a smooth 25 

force profile experienced by the end-user. In contrast, the injector of the prior art 

had a conventional force profile requiring a much higher force to initiate movement 

compared to retaining movement. The summarised results in Table 3 show the 
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BLF’s of the two tested injectors with the number in brackets representing the 

standard deviations. 
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P A T E N T  C L A I M S  

1. An injector (1) for delivery of a pharmaceutical composition, which 

injector (1) does not comprise a silicone lubricant, the injector (1) optionally 

comprising a piston rod, and which injector (1) comprises 

-a cylinder (2) extending along a longitudinal axis, the cylinder (2) having 5 

an inner wall (21), an outer wall, and an outlet at an outlet end (23) opposite an 

actuating end (24), 

-a piston assembly (3) comprising a compressible section (31) between an 

actuating piston element (32) having a Shore A hardness in the range of 50 to 90 

and a passive piston element (33) having a Shore A hardness in the range of 50 10 

to 90, which piston elements (32,33) abut the inner wall (21) of the cylinder (2) 

at abutting interfaces thereby sealing the compressible section (31) when the 

piston assembly (3) is inserted in the cylinder (2), c h a r a c t e r i s e d in that 

the compressible section (31) comprises a compressible fluid and a resilient frame 

(34), the resilient frame (34) physically coupling the actuating piston element (32) 15 

to the passive piston element (33), which resilient frame (34) is made from an 

elastic polymer, such as a thermoplastic elastomer (TPE) having a Shore A 

hardness in the range of 50 to 90, and has a volumetric fraction in the range of 

15% to 50% of the volume of the compressible section (31) and which resilient 

frame (34) has an axial length in the range of 25% to 90% of the total axial length 20 

of the piston assembly (3) in a relaxed state, and in that the compressible fluid is 

entrapped between the actuating piston element (32) and the passive piston 

element (33). 

2. The injector (1) according to claim 1, wherein the break loose force (BLF) 

is less than twice as high as the glide force. 25 

3. The injector (1) according to any one of claims 1 or 2, wherein the 

diameter of the actuating piston element is smaller than the diameter of the 

passive piston element when the piston assembly is in a relaxed state. 

4. The injector (1) according to any one of claims 1 to 3, wherein the 

actuating piston element (32), the passive piston element (33), or the resilient 30 

frame (34), or the actuating piston element (32), the passive piston element (33) 

and the resilient frame (34) are made from a thermoplastic elastomer (TPE). 

5. The injector (1) according to claim 1, wherein the TPE has a compression 

set value of at least 25% at a temperature in the range of 10°C to 40°C over a 

period of time in the range of 18 hours to 96 hours according to the ISO 815 35 

standard. 
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6. The injector (1) according to any one of claims 1 to 5, wherein the 

cylinder (2) has an inner diameter, and the actuating piston element (32) and the 

passive piston element (33) each comprise a convex deformable sealing element 

having a diameter 3% to 20% larger than the inner diameter of the cylinder (2). 

7. The injector (1) according to any one of claims 1 to 6, wherein the 5 

actuating piston element (32), the passive piston element (33) and the resilient 

frame (34) are injection moulded as a single piece. 

8. The injector (1) according to any one of claims 1 to 7, wherein the piston 

assembly (3) is symmetrical with respect to an actuating surface (321) of the 

actuating piston element (32) compared to an outlet surface (331) of the passive 10 

piston element (33). 

9. The injector (1) according to any one of claims 1 to 8, wherein the injector 

(1) comprises a piston rod (6), and the actuating piston element (32) comprises 

an engagement device (61) for engaging a complementary engagement device 

(62) of the piston rod (6). 15 

10. The injector (1) according to claim 8, wherein the actuating piston 

element (32) and the passive piston element (33) do not comprise an engagement 

device (61) for engaging a complementary engagement device (62) of a piston rod 

(6). 

11. The injector (1) according to any one of claims 1 to 10, wherein the 20 

cylinder (2) is made from glass, a polymeric material, a metal, or any combination 

of polymeric materials, glasses or metals. 

12. The injector (1) according to any one of claims 1 to 11, wherein the 

actuating piston element (32), the passive piston element (33) and/or the resilient 

frame (34) comprise one or more stabilising fins (71). 25 

13. The injector (1) according to any one of claims 1 to 12, wherein the 

injector (1) comprises a needle cap having a tubular section for actuating the 

actuating piston element (32), which needle cap has a needle insertion end 

comprising an engagement device for engaging a complementary engagement 

device of the outlet of the cylinder (2) when the needle cap is mounted on the 30 

cylinder (2), which needle cap has a length, which is equal to or larger than an 

operating length of the cylinder (2) defined by the distance from the actuating end 

(24) of the cylinder (2) to the outlet end (23) of the cylinder (2) minus the 

dimension of the piston assembly (3) parallel with the longitudinal axis. 

14. The injector (1) according to any one of claims 1 to 13, wherein the 35 

cylinder (2) has an inner diameter in the range of 2 mm to 10 mm. 
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15. The injector (1) according to any one of claims 1 to 14, wherein the 

cylinder (2) is prefilled with a pharmaceutical composition. 

 


