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ABSTRACT 

 

This article will provide an overview of the three broad needle-

free technologies: powder injection, depot (or projectile) 

injection, and liquid injection. This will cover only those 

technologies where the drug formulation itself is used to 

penetrate the skin via its mechanical energy. It will not describe 

any technology where a needle is used to puncture the skin, even 

if the needle is not visible to the patient or only the epidermis is 

punctured, such as mini-needles, microneedles, pen injectors, or 

autoinjectors. Also excluded are systems that ablate the skin 

mechanically or otherwise disrupt its chemical or mechanical 

structure to increase its permeability, such as laser ablation, 

microdermal ablation, electroporation, or iontophoresis. These 

are usually referred to as transdermal drug delivery, but can also 

be described as needle free. 
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INTRODUCTION  

The term ‘‘needle-free’’ has been used to describe a 

very wide array of drug delivery technologies, from 

those that do not have a needle but use electrophoresis 

to drive drugs through the skin, to those that use one or 

more very small needles, but needles nonetheless (often 

known as microneedle drug delivery). Needle-free drug 

delivery was first proposed as early as the mid-19th 

century 
1
and was demonstrated to work many decades 

ago with one of the first major patents filed by Lockhart 

in the 1930s.
2
 This avoids a multitude of disadvantages 

that are inherent in needle use: 

• Risk of cross-contamination from needle-stick 

injury. 

• Under- or overdosing resulting in poor injection 

technique of patients. 

• Costs of sharps disposal. 

• Needle phobia (up to 15% of people are clinically 

needle-phobic, and most people are 

apprehensive about receiving injections). 

• Injection site pain. 

• Poor compliance leading to long-term worsening 

of conditions. 

• Increased costs due to patients visiting 

hospitals/physicians’ offices for injections. 

NEEDLE-FREE INJECTION TECHNOLOGY 

Powder Needle-Free Injection 

Powder needle-free injection relies on being able to 

formulate particles of a sufficient density and 

accelerating them to a sufficient velocity that they will 

penetrate the skin in large enough numbers to produce 

a therapeutic dose. 

The developers succeeded by using a power source of 

compressed helium gas (the speed of sound in helium is 

about three times greater than in air, so much greater 

flow speeds are achievable without the complications of 

becoming supersonic) and using two different ways of 

formulating the drug. In the first, the drug (pure, or 

sometimes with excipients) is presented as hard 

particles of 10–50 mm in diameter, whichhave a density 

approximately the same as the crystalline drug. In the 

second, mostly used for vaccines, the drug is coated 

onto gold spheres of a few micrometers in diameter. 

The gold particles act as a vector for the vaccine, 

penetrating the stratum corneum and then often the 

cell membrane, to enable the DNA to betaken up in the 

cell nucleus, for a DNA vaccine. 

 

The drug is stored in a single-dose, 

disposable,‘‘cassette,’’ which is aseptically assembled 

and consists of an annular support with the drug in the 

central space and a polymeric lid on either side. When 

the device is activated, the helium pressure is exerted 

on the lid on one side causing it to rupture, which in 

turn causes the pressure to be exerted on the other lid, 

rupturing it and carrying the drug particles forwards. 

The particles pass through a convergent–divergent 

nozzle, which accelerates them to a significant fraction 

of the speed of sound before they impact the skin. The 

particles that reflect off of the skin (due to insufficient 

momentum per unit area) are filtered out of the helium 

stream in an exhaust filter that also slows down the 

helium flow to reduce the noise generated by the 

device. 

The device itself has been through a number of 

iterations, with the most recent appearing to be about 

120mm long and about 30mm in diameter. It is a single-

use, disposable device although designs of a reusable 

device with a replaceable helium canister and drug 

cassette have been developed. 

 

It is difficult to accurately predict the proportion of a 

dose that is delivered into the epidermis since not many 

particles have sufficient momentum to travel through 

the epidermis into the dermis. Also, the maximum 

payload for a 20mm diameter ‘‘target area’’of skin is 

about 2–3 mg. Therefore, this technology is best suited 

to those drugs with an effective dose of 1 mg or less, 

where accurate dose titration is notrequired and, 

ideally, where epidermal delivery is advantageous. 

Vaccine delivery fits all these criteria,DNA vaccines in 

particular. The epidermis has a very high concentration 

of antigen-presenting cells and is therefore an ideal site 

for administration of vaccines. PowderJect data would 

suggest that significantly lower doses of vaccine are 

required using their technology when compared with 

intramuscular injection for an equivalent immune 

response.
3, 4
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Another application that has been explored in detail 

with this technology is the delivery of local anestheticto 

the skin and oral mucosa. The technology has 

demonstrated the ability to achieve consistent local 

anesthesia in both applications.
3
 

Depot (or ‘‘Projectile’’) Needle-Free Injection 

In this very recent embodiment of the technology, the 

drug is formulated into a long, thin depot with sufficient 

mechanical robustness to transmit a driving force to a 

pointed tip. This tip may be formed from the 

formulation itself or it may be formed from a soluble 

inert material, e.g., a sugar.  

The depot is sterile and needs to either be 

manufactured aseptically or terminally sterilized. A 

simple way of connecting the sterile depot to the 

delivery device also needs to be developed, except if the 

entire delivery system is disposable. 

The depot is driven into the skin with sufficient force to 

puncture the skin and to push it into the underlying fat. 

A typical depot might be about 1mm diameter and a few 

millimeters long. This limits the ‘‘payload’’ to a few 

milligrams, but this is more than adequate for many new 

therapeutic proteins and antibodies and even some 

small molecules. Dose titration cannot be achieved from 

a specific depot but some level of dose variation can be 

achieved by manufacturing depots of different lengths. 

It is also possible to target intradermal delivery to some 

extent by using a very short depot that is intended to 

reside in the dermis, which is usually about 2mm thick.
5 

The pressure to puncture the skin with a sharp-tipped 

punch, which the depot effectively represents, has been 

shown to be on the order of 3–8 Megapascals (MPa), 

depending on the area of the body and the individual.
6
 

For a 1mm diameter depot, this requires a force of only 

a few Newtons (N). A delivery device, therefore, would 

need only a relatively small spring, assuming that there 

is an effective way of transmitting the spring energy 

directly into the depot. 

Liquid Needle-Free Injection 

Overview 

As previously described, liquid needle-free injection was 

the first needle-free technology to be developed and 

has been the focus of the vast majority of companies 

working in the industry. Indeed, many millions of 

needle-free injections have been successfully 

administered over the last 50 years, predominantly for 

massvaccination campaigns of military personnel.
7,8

This 

practice was banned in the mid-1980s when it was 

shown that it was possible, although extremely rare, for 

disease to be transmitted from one patient to another 

through the reusable needle-free injection 

equipment.
9
Although a number of companies continue 

to develop needle-free systems for vaccine use, there 

has been a significant shift recently toward the delivery 

of both small molecule therapeutics and proteins using 

needle-free systems.
10

Many of the technical 

requirements are similar across all these areas, but 

there are some differences which are addressed below. 

The key to achieving a successful injection with a 

needle-free system is to understand the necessary 

mechanics for the consistent penetration of skin and fat 

with a liquid jet, without causing unnecessary trauma to 

the tissues and to the molecule being delivered. Only 

recently have detailed studies of the fluid mechanics of 

needle-free injection appeared.
6,11

 The fluid mechanics 

conditions necessary for a consistent targeted needle-

free injection are addressed in the following section. 

 

Pncturing the skin 

The fundamental technological requirement of a 

needlefree injection system is that it consistently 

punctures the skin and delivers the liquid into the 

desired tissue, most commonly the subcutaneous layer, 

but may also be the dermis or intramuscular tissues. A 

column of liquid is analogous to a blunt punch and thus 

requires about twice the pressure to puncture the skin 

than would be required by a sharp-tipped punch or a 

solid needle. Depending on the site of injection and the 

mechanical properties of the skin for an individual, this 

pressure is about 12–15MPa for a jet of about 0.4mm in 

diameter. This pressure is significantly higher for smaller 

jets.
6,12

 Any successful needle-free technology needs to 

achieve this minimum pressure with enough excess to 

allow for dissipation over its shelf life and for 

interpatient variability, and rapidly enough so that drug 

is not wasted by being delivered from the device before 

the skin is actually punctured. 
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Drilling the fat 

Even once the skin has been punctured, this does not 

guarantee a successful needle-free injection. There are 

several technical conditions that must be satisfied to 

ensure all the fluid is delivered into the subcutaneous 

layer. 

The first condition is that the orifice of the device 

remains correctly positioned over the hole in the skin. 

This is known as registration. If the device slips along the 

skin during the injection, then the liquid jet could cut 

the skin if the pressure is still high enough to cause a 

puncture. This is clearly undesirable and was an issue 

with early needle-free technologies. On the other hand, 

if the pressure has dropped below skin puncture 

threshold, as is probable for reasons explained below, 

then an incomplete injection will result. This problem 

can be substantially avoided by designing the device so 

that it is actuated by pushing it against the skin, as 

opposed to implementing a separate trigger, by 

ensuring the injection is complete in less time than 

human reaction time (around 100 msec), and by not 

using a too small orifice. A larger orifice, for example, 

will be more tolerant of 50 mm of registration ‘‘slip,’’ 

than a very small one. 

The second condition is that the fluid pressure must 

remain high enough to keep the hole in the skin open 

and avoid the elastic forces that tend to cause resealing. 

This pressure is on the order of a few megapascals, and 

so premature resealing is only likely to occur for devices 

that exhibit a substantial pressure reduction near the 

end of the injection. 

The third condition is that the initial pulse of fluid is able 

to drill a deep enough channel into the fat to enable the 

remainder of the dose to be dissipated away from the 

hole in the skin. Otherwise, the fluid pressure 

immediately inside the skin is equal to that in the device 

nozzle and there is no longer enough ‘‘driving force’’ to 

push the fluid into the skin, making it unlikely that the 

injectate will continue to go through the skin and will 

instead remain on the skin surface. This possibility is 

overcome by designing an appropriate initial pulse of 

fluid having sufficient energy to enable delivery of the 

design dose in the time and through the orifice size that 

have been chosen. This quantum of energy will vary 

considerably according to orifice diameter and drug 

dose. 

Finally, the fourth condition is that the pressure drops 

sufficiently quickly and to an extent to where the fluid 

cannot penetrate the muscle fascia and result in an 

intramuscular injection. Some individuals have a 

subcutaneous layer that is only a few millimeters thick 

and so the muscle fascia is almost certain to be 

impacted by the liquid jet and if the pressure of the 

liquid does not drop substantially in the first few 

milliseconds, possibly even the first millisecond in very 

thin people, then an intramuscular injection will result. 

This will consequently result in a significantly different 

pharmacokinetic profile and may also result in a 

significantly more painful injection. These conditions are 

summarized in Fig. 1. 

 
Fig.1 Summary of preference between needle-free 

delivery (Intraject_, Aradigm Corporation) and needle-

based delivery (courtesy of Aradigm Corporation). 

Volunteers were asked which system they would prefer 

if they had to self-inject regularly at home. 

Power sources 

There are a wide variety of power sources available to 

designers of needle-free injection technology. There has 

been a recent trend which seems likely to continue of 

making devices self-contained and easily portable, 

obviating some of the originally used power sources 

such as compressors, large tanks of compressed gas, 

large batteries, and foot-powered devices. 

 

Clinical data and acceptability 



International Journal of Pharmaceutical Research & Development                                                                 ISSN: 0974 – 9446 

 

Available online on www.ijprd.com 
11 

Much of the discussion in this article has focused on the 

physics of drug delivery into or through the skin. 

However, clinical efficacy is also critically important, 

since this is the true purpose of any injection system. 

Achieving the desired clinical outcome depends on three 

key factors: 

• Ensuring that the correct dose of the drug is 

delivered into the target tissue. 

• Ensuring that the drug is not adversely affected 

by being delivered through a tiny orifice at very 

high pressure. 

• Ensuring that the pharmacokinetics of the drug 

are appropriate to provide the intended 

therapeutic effect. 

 

Table 1 summarizes an incomplete list of drugs for 

which there exist clinical data from needle-free 

administration, all of which demonstrated broadly 

similar performance between the needle-free system 

and the needle system. 

 

Table 1 Reports of needle-free injection containing clinical data 

 

Drug References Comments 

Insulin 13-15 Liquid delivery 

Insulin 16 Powder delivery 

Human growth hormone 17-19 Some variability in the 

pharmacokinetics between 

the studies 

Erythropoietin 20  

Lidocaine 20-23  

Monoclonal antibodies 24  

Vaccines 25-30 Various vaccines have been 

studied, including hepatitis 

A and B, 

yellow fever, influenza, 

measles, mumps, rubella, 

diphtheria,tetanus, 

typhoid, and tuberculosis 

Alpha interferon 31  

Gamma interferon 32  

Morphine 33  

Triamcinolone 34  

DNA vaccines 35,36  

Low molecular weight 

heparin 

37  

Orgalutran (GnRH) 38  
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Recent published data from both Intraject_ (Aradigm 

Corporation) and MiniJect_ (Biovalve) have shown that 

these reliability issues are no longer experienced and 

that patients prefer needle-free injections even more 

strongly, typically in the 85–95% range compared to 

needle-based injection. This was partly because patients 

experienced less sensation but also because of the huge 

ease of use benefits resulting from a well-designed, easy 

to use, disposable needle-free device (Figs. 1).
39, 40

 

 

CURRENT NEEDLE-FREE INJECTION TECHNOLOGIES 

The needle-free injection field has evolved enormously 

in recent years. Companies have come and gone, taking 

with them some technologies. This section summarizes 

the technologies and the companies behind 

them that are currently active in the field. A review of 

some of the more prevalent technologies was published 

in 2002.
41

 

Algorx 

Algorx has the rights to develop the PowderJectneedle-

free injection technology in all areas outside of DNA 

vaccines. The device is helium powered. 

Antares 

Formerly Medi-Ject, Antares has over 20 years of 

experience in the industry and continues to develop 

patient-filled, reusable devices for a broad range of 

applications, particularly those requiring frequent, 

chronic dosing. Their devices are powered by metal 

springs. 

Aradigm 

Aradigm has recently acquired the Intraject 

technology,first developed by Weston Medical. This is a 

single use, prefilled, disposable system, powered 

bycompressed nitrogen gas . It is principally suited for 

acute use or infrequent chronic dosing, where dose 

titration is not needed or is done in discrete steps. 

BioJect 

BioJect has been in the field for many years and their 

Biojector and Vitaject products are well known in the 

industry. Their devices are patient-filled, reusable 

devices, powered by either compressed carbon dioxide 

or by metal springs. In addition, they have the Iject, a 

prefilled, disposable device in development. 

 

BioValve 

BioValve has developed the MiniJect, a disposable 

device that enables the patient to fill it easily from a 

separate vial. It is powered by a proprietary chemical 

gas generation system. 

Caretek Medical 

As described above, Caretek is pioneering the 

‘‘projectile’’ depot needle-free delivery system that is 

currentlyin development. 

Cross-Ject 

Cross-Ject has developed a system based on airbag gas 

generation technology that claims to be prefilled and 

disposable. 

National Medical Products 

National Medical Products (NMP) developed a 

disposable needle-free injector, the J-Tip, powered by a 

charge of carbon dioxide gas. 

PowderMed 

PowderMed is a recently-formed company to whom 

Chiron have assigned the rights to the prior Powder- Ject 

powder needle-free technology discussed earlier, apart 

from those rights held by Algorx. 

Visionary Medical Products 

The PenJet system, developed by VMPC, is powered by 

compressed gas and uses a prefilled, polycarbonate 

cartridge. It is a single-use, disposable device. 

 

CONCLUSIONS 

The basic principles underlying the use of drugs to 

penetrate the skin, whether the drug is in liquid, 

powder, or depot form, have been established for many 

years and are relatively simple engineering concepts. 

needle-free injection can give effective injections for a 

wide range of drugs and bioequivalent to a needle and 

syringe, results in less pain, and is very strongly 

preferred by patients. The devices are, in some cases, 

far easier to use than even a prefilled syringe, are much 

easier to dispose of, and give less variability from 

injection to injection than a needle-based injection 

administered by a trained healthcare professional. 

There is a wide range of devices available to suit 

different applications. Some are ideally suited to chronic 

injections of varying doses of insulin several times a day, 

others are more suited to weekly dosing of the same 
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dose of a therapeutic protein or even a monoclonal 

antibody. Still others will be capable of conveniently 

reconstituting lyophilized drug formulations in a much 

more patient-friendly manner than currenttechniques. 

Some of these devices can deliver liquids more viscous 

than could ever be delivered using even the largest of 

needles. 

Needle-free devices have demonstrated consistent 

delivery to the epidermis, the dermis, the subcutaneous 

layer, and the intramuscular space. While questions 

remain over the ability of this technology to target the 

dermis or the muscle across a very wide range of subject 

morphologies, published data suggest that 

the delivery is at least as good as that achieved with a 

needle which remains the gold standard for all 

parenteral injections. 
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